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1 Introduction
In RAN #82 meeting, a new study item on power class 2 UE for EN-DC (1 LTE FDD band + 1 NR TDD band) was approved [1]. The objective of this study item is to investigate how to introduce such new power class with two potential power combinations, power class 3 LTE + power class 3 NR and power class 3 LTE + power class 2 NR. In this contribution, the concern of meeting SAR limit for this new power class is firstly discussed, followed by the consideration of UL power configurations for Rx self-desensitization requirements definition.              
2 Discussion
2.1 Power sharing and SAR consideration
Though power class 2 (PC2) high power UE (HPUE) have been introduced in both LTE and NR, it has only been defined for TDD bands due to the SAR limit as for TDD bands, the SAR concern can be mitigated by restraining the UL duty cycle. For example, for PC2 HPUE at maximum output power (26 dBm), the UL duty cycle would need to be confined to less than 50%. However, for FDD bands, there is no provision for using UL duty cycle to mitigate the SAR issue when the output power exceeds 23 dBm. In this study item, the proposed PC2 EN-DC is comprised of an LTE FDD band and an NR TDD band with the following two potential power combinations.

	
	EN-DC total power
	LTE maximum power
	NR maximum power

	Case 1
	26 dBm
	23 dBm
	23 dBm

	Case 2
	26 dBm
	23 dBm
	26 dBm


Table 2-1 Power combinations for the proposed PC2 EN-DC
For case 1, though the EN-DC total power would not exceed 26 dBm at any instant, from SAR limit point of view, when LTE is operating at maximum output power at 23 dBm, it would virtually leave no power headroom for NR. To allow NR transmitting without exceeding SAR limit, the LTE output power needs to be kept below 23 dBm. Figure 2-1 shows surface contour for NR maximum allowed UL duty cycle versus the power sharing between LTE and NR to comply with SAR limit. It can be seen that when both LTE and NR output power are at 20 dBm, the NR maximum allowed UL duty cycle can approach 100%.
For case 2, NR needs to back off from its maximum output power when transmitting simultaneously with LTE, or the EN-DC total power may exceed 26 dBm. Therefore, power sharing shall be considered irrespective of the SAR concern. Figure 2-2 shows the surface contour for NR maximum allowed UL duty cycle versus the power sharing between LTE and NR to comply with SAR limit, where NR output power is maximized based on power sharing with LTE.  
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Figure 2-1 Surface contour for NR maximum allowed UL duty cycle for case 1 power combination
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Figure 2-2 Surface contour for NR maximum allowed UL duty cycle for case 2 power combination
Observation 1: For case 1 power combination, to allow NR transmitting without exceeding SAR limit, the LTE output power needs to be kept below 23 dBm.
Observation 2: For case 2 power combination, to allow NR transmitting without exceeding SAR limit, the LTE output power needs to be kept below 23 dBm. Also NR needs to back off from its maximum output power when transmitting simultaneously with LTE, or the EN-DC total power may exceed 26 dBm.  
2.2 UL power configurations for Rx self-desensitization requirements
For EN-DC, Rx self-desensitization may be caused by the following mechanisms,

1.  Insufficient cross-band isolation in simultaneous Rx/Tx operation

2.  UL harmonics falling into the paired band DL in simultaneous Rx/Tx operation

3.  DL harmonic mixing of the paired band UL in simultaneous Rx/Tx operation

4.  Inter-modulation products (IMD) from dual UL transmission falling into FDD DL band  

For mechanisms 1 to 3, the victim DL band is only affected by the paired UL transmission. Therefore, the Rx self-desensitization may occur under either single UL or dual UL transmission. However, the worst-case desensitization would occur when either one of the UL is operating at its maximum output power. For case 1 power combination, the UL power configurations for LTE and NR are both 23 dBm which is the same as with power class 3 EN-DC as already defined in TS 38.101-3 [2], while for case 2 power combination, the UL power configurations for LTE and NR would be 23 dBm and 26 dBm, respectively.

For mechanism 4, the victim DL band can only be FDD band (LTE) and is only affected when both LTE and NR ULs are transmitting simultaneously. For case 1 power combination, the worst-case desensitization would occur when both LTE and NR UL power configurations are at 23 dBm, assuming NR UL duty cycle could be infinitesimal. For case 2 power combination, the UL power configurations for the worst-case desensitization would depend on the 2UL IMD order and its composition which could be (23 dBm, 23 dBm), (21 dBm, 24.3 dBm), (20 dBm, 24.7 dBm), (22 dBm, 23.8 dBm), and (19 dBm, 25 dBm) for (LTE, NR) respectively. To simplify the RF requirements definition, it is proposed to unify the UL power configurations at (23 dBm, 23 dBm) for both case 1 and case 2 power combinations when Rx self-desensitization is caused by 2UL IMD.

Based on the above assessments, we arrive at the following proposal for the UL power configurations for Rx self-desensitization requirements for the PC2 FDD-TDD EN-DC proposed in this study item.

Proposal: The UL power configurations for Rx self-desensitization requirements for PC2 FDD-TDD EN-DC proposed in this study item are defined in the following table.              
	Rx Self-desensitization
Caused by
	Power
Combination
	UL Power Configurations (dBm)

	
	
	LTE
	NR

	1 UL
	Case 1
	23
	23

	
	Case 2
	23
	26

	2UL IMD
	Case 1
	23
	23

	
	Case 2
	23
	23


Table 2-2 Proposed UL power configurations for Rx self-desensitization requirements

3 Conclusion
In this contribution, we discuss the power sharing and SAR consideration for the new PC2 EN-DC feature and propose the associated UL power configurations for Rx self-desensitization requirements.     
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